ABSTRACT purpose. To review records of 15 patients who underwent distraction osteogenesis/bone transport using a monolateral external fixator for infected nonunion of the femoral shaft. Methods. 13 men and 2 women aged 18 to 47 years underwent adequate debridement and resection of nonviable bone, followed by bone transport using a monolateral external fixator for infected non-union of the femoral shaft with bone loss. All patients had a bone defect of >5 cm. The lengthening index, radiographic consolidation index, functional status, bone healing, and various problems, obstacles and complications encountered during the treatment were assessed. results. The patients had undergone a mean of 2.9 (range, 1-7) surgical procedures before presentation. The mean duration from trauma to presentation was 7.7 (range, 6-18) months. The mean bone defect after adequate resection/debridement was 7.9 (range, 5.5-Distraction osteogenesis using a monolateral external fixator for infected non-union of the femur with bone loss 17) cm. The mean treatment duration was 7.3 (range, 5-15) months. The mean lengthening index was 12.3 (range, 11.5-15) days/cm. The mean treatment index was 27.9 (range, 24-40) days/cm. The mean follow-up duration was 19.3 (range, 15-41) months. Functional outcome was excellent in 5, good in 8, and fair in 2 patients. All patients achieved bone union and eradication of infection. Bone healing was excellent in 12 and good in 3 patients. All the patients were satisfied with the procedure. None had neurovascular complications, joint subluxations, or refracture of the regenerated bone. True complications encountered included knee stiffness (n=6) and knee flexion contracture (n=1). Three patients with an initial bone defect of >10 cm had delayed union and underwent bone grafting. conclusion. Bone transport using a monolateral external fixator is safe and effective for treating infected non-union of the femoral shaft.
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introduction
Treatments for infected non-union of the femur with bone loss include debridement, external fixation and bone grafting, microvascular composite tissue transfer, Ilizarov circular fixator, and bone transport through an external fixator over a nail. [1] [2] [3] [4] [5] [6] [7] [8] The latter is increasingly popular, as it can correct deformities, regenerate new bone without bone grafting, correct limb-length discrepancy, avoid prolonged antibiotic therapy, and enable weight bearing during the course of treatment. 3, 9 Nonetheless, the extensive soft-tissue envelope around the femur, the neurovascular structures, the pain caused by tensioned wires, and the difficulty in clothing are drawbacks for the conventional circular frame. Monolateral fixators for bone transport are simple in design and application, easy to carry out surgical procedure while maintaining it, and easy to remove, and its tapered and hydroxyapatite-coated pins decrease the risk of pin tract infection spreading to bones. 1, 10 We retrospectively reviewed records of 15 consecutive patients who underwent distraction osteogenesis/ bone transport using a monolateral external fixator for infected non-union of the femoral shaft.
Materials and Methods
Between 2004 and 2008, 13 men and 2 women aged 18 to 47 (median, 29) years underwent adequate debridement and resection of nonviable bone, followed by bone transport using a monolateral external fixator for infected non-union of the femoral shaft with bone loss (Figs. 1 and 2 ). This study was approved by the institutional review board. Informed consent was obtained from each patient. All patients had a bone defect of >5 cm (preoperatively or after resection and debridement). Deformities were defined as pathological angulations of ≥7º. [2] [3] [4] 11, 12 Chronic osteomyelitis was classified according to the University of Texas Medical Branch staging system. 13 Complete blood counts, erythrocyte sedimentation rate, and C-reactive protein level were measured. Patient demographics, presenting symptoms and duration, medical history, the presence of tenderness, sinus, and pus discharge, skin condition, shortening, deformity, and function and neurovascular status of the knee joint were recorded.
Under spinal anaesthesia, patients were positioned supine on a radiolucent table with a sandbag beneath the pelvis of the involved side. The dead bone was resected and the infected scarred soft tissues and sinus tracts were debrided adequately. Cortical bleeding known as the 'paprika sign' was considered the end point of bone resection. 2, 7, [13] [14] [15] [16] Tissues were obtained for aerobic and anaerobic cultures and biopsy. Injectable antibiotics (cefazolin 2 g/6h and gentamicin 3 mg/kg/day) were started empirically. Fixation was performed using a monolateral external fixator. In 14 patients the Rail External Fixator System (SH Pitkar Orthotools, Pune, India) was used, whereas in one patient the Limb Reconstruction System (Orthofix SRL, Verona, Italy) was used. A single-level bone transport was performed using either the ascending technique (with a distal femoral metaphyseal corticotomy) or the descending technique (with a proximal subtrochanteric femoral corticotomy) through healthy tissue. The wound was lavaged thoroughly and closed in layers over a suction drain.
Postoperative care was standardised including pain management, active/passive joint mobilisation, and strengthening exercises for the hip and knee. Partial weight bearing with 2 crutches was started as soon as the patients' comfort allowed. Antibiotics were modified according to the culture and sensitivity results. Treatment was continued for a minimum of 6 weeks or until the erythrocyte sedimentation rate and C-reactive protein level had returned to normal. 13 Pin sites were dressed daily with gauze and iodine for the first 2 weeks, and then cleaned daily with spirit swabs only. Distraction was started on the postoperative day 7 at a rate of 1 mm/day in 4 equal increments.
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Radiographs were obtained every 2 weeks during the phase of bone transport and every month during the consolidation phase, at the time of frame removal, and 3 monthly thereafter.
outcome measures
The lengthening index was defined as the duration to bone transport/lengthening per cm gain in length. The treatment index (or radiographic consolidation index) was defined as the time (in days) to the appearance of consolidation of at least 3 cortices on the anteroposterior and lateral radiographs divided by the total amount of bone transported and/or the amount of lengthening (in cm). Function was evaluated based on 5 criteria of adversity: (1) observable limp, (2) stiffness of the knee (loss of >70º flexion or >15º of extension), (3) loss of >50º of hip motion, compared with the normal contralateral side, (4) severe sympathetic dystrophy and pain that reduced activity or disturbed sleep, (5) inactivity (unemployment or inability to return to daily activities). Functional outcome was considered excellent if the patient was active and able to perform daily activities, and the other 4 criteria were absent, good when one or 2 of the other criteria were present, fair when 3 or 4 of the other criteria were present, and poor when the patient was inactive, regardless of the other criteria. 2, 4 The patients were asked: (1) whether they were satisfied with the procedure or would have preferred primary amputation? (2) Whether they had resumed their original job or changed to a less-demanding one? (3) Whether they had resumed strenuous activities like running, lifting heavy objects, or participation in sports?
Bone was assessed for union, infection, deformity, limb-length discrepancy, and mechanical insufficiencies at the docking site. The outcome was considered excellent when the bone was united with no infection, <7º deformity, and <2.5 cm limb-length discrepancy, good when the bone was united and with 2 of the above criteria, fair when the bone was united with one of these criteria, poor when the bone was un-united or refractured, with none of the criteria fulfilled. 3, 4, 7, 12 An excellent outcome was downgraded whenever bone grafting was performed.
Complications were classified according to the Paley classification 17 as problem, obstacle, or true complication (minor or major). Problems represented difficulties that required no operative intervention to resolve. Obstacles represented difficulties that required an operative intervention. All intra-operative injuries and difficulties during limb lengthening that were not resolved before the end of treatment were considered true complications.
results
The patients had undergone a mean of 2.9 (range, 1-7) surgical procedures before presentation. The mean duration from trauma to presentation was 7.7 (range, 6-18) months. The modes of injury were road traffic accidents (n=12), fall from a height (n=1), gunshot (n=1), and cylinder blast injury (n=1). 11 patients had discharging sinuses, whereas 4 had quiescent sinuses. 12 patients had a segmental bone defect along with shortening and deformity, whereas 2 patients had shortening only and one patient had a segmental defect without shortening. All patients had elevated erythrocyte sedimentation rate (mean, 83; range, 59-97 mm) and C-reactive protein level (mean, 71; range, 49-99 mg/l). According to the University of Texas Medical Branch staging system, 13 chronic osteomyelitis was classified as stage IVa in 12 patients, as stage IVbL in 2, and as stage IVb S in one. The mean bone defect after adequate resection/ debridement was 7.9 (range, 5.5-17) cm. For bone transport, the ascending technique was used in 13 patients and the descending technique in 2. No patient had trifocal surgery.
The mean treatment duration was 7.3 (range, 5-15) months. The mean lengthening index was 12.3 (range, 11.5-15) days/cm. The mean treatment index was 27.9 (range, 24-40) days/cm. The mean follow-up duration was 19.3 (range, 15-41) months. Functional outcome was excellent in 5, good in 8, and fair in 2 patients. All patients achieved bone union and eradication of infection. Bone healing was excellent in 12 and good in 3 patients. All the patients were satisfied with the procedure, and none would have preferred amputation. 10 patients resumed their job and strenuous activities, whereas 5 opted for lessdemanding jobs.
None had neurovascular complications, joint subluxations, or refracture of the regenerated bone. The problems encountered included pain during the distraction phase (n=15), pin site infection (n=5), and delayed maturation of regenerate (n=2). Obstacles encountered included delayed union at the docking site (n=3), soft-tissue interposition at docking site (n=2), and premature consolidation of regenerate (n=1). True complications encountered included knee stiffness (n=6) and knee flexion contracture (n=1). The delayed union and soft-tissue interposition necessitated excision of soft tissue (n=2), freshening of bone ends, and bone grafting (n=3). All the 3 patients had an initial bone defect of >10 cm. The patient with premature consolidation of regenerate underwent revision corticotomy.
discussion
Reconstruction for infected non-union is difficult; the associated bone defect, shortening, and deformity may further complicate matters. Ilizarov 9 pioneered distraction osteogenesis based on the biology of bone and soft-tissue regeneration under conditions of tension stress. The Ilizarov method was modified to adequately resect infected and necrotic bone in order to achieve a satisfactory docking configuration. The basic principles of the Ilizarov method including stable fixation, a low-energy osteotomy with gradual distraction, and osteogenesis by intramembranous ossification are the same for bone transport and compression-distraction. 18 Compression-distraction is simpler than bone transport and should be used to close the defect directly, 1 but bone transport is necessary when the extent of debridement needed to reach viable, uninfected bone is large. 3, 7 Few studies have been conducted to assess bone transport over a nail by external fixator (monorail assembly) to shorten the treatment duration. 6, 7 The long duration of bone transport and consolidation is uncomfortable for patients. There is a risk of infection extending along the bone. Typically, patients with infected non-union have already undergone multiple operative procedures. The additional costs for the intramedullary nail, antibiotic-impregnated polymethylmethacrylate beads or cement, repeated cultures, need for frozen sections, prolonged courses of antibiotics, multiphasic procedures (radical resection of dead bone, frozen section analysis, nail insertion, external fixation application, corticotomy, fixator removal, static locking of nail with or without bone grafting), and prolonged and multiple hospital admissions poses a financial burden for most patients in developing countries. Thus, we did not use this technique.
Supplementation with the autogenous bone grafts after freshening sclerotic bone ends at the time of docking was necessary occasionally, as there were empty lacunae of avascular bone at the advancing end of transported segment. 15, 19 Nonetheless, distraction alone is a potent stimulus for osteogenesis, as only 20% of our patients underwent revision surgery for interposed soft tissue and bone grafting. The revision rate was comparable to that in other studies. 3, 5, 20 Bone outcome did not correspond well with functional outcome, as function is also determined by the condition of soft tissues and joints.
Successful treatment depends on proper wound care instructions, active participation, and careful monitoring. Collaboration with a physiotherapist is also important. Limitations of this study included the absence of a control group, a small cohort of patients, and potential bias owing to its retrospective design.
